Background: Autosomal dominant polycystic kidney disease (AD-PKD) is the most common, late-onset and genetically heterogenous disorder. Altered genetic background is the prime cause of ADPKD. Most of the cases showed mutations in PKD1, PKD2, GANAB and DNAJB11. Previous mutation screening studies reported that PKD1 and PKD2 are the major contributors to the disease. Among all types of DNA sequence variants, majority of the variants are protein truncating in nature. Loss of normal polycystin 1 (PC1) and polycystin 2 (PC2) proteins, encoded by PKD1 and PKD2 respectively, leads to the disease manifestation.
Introduction
Autosomal dominant polycystic kidney disease (ADPKD) is a late-onset and most common genetically heterogenous disorder with the worldwide prevalence of one in 500 -1,000 births [1] . It is characterized by presence of multiple cysts in both kidneys, leading to the disruption of precise architecture of the kidney. Deformed structure of the kidneys affects the renal filtration system and hence affected individuals have abnormal level (mostly higher) of serum creatine and urea. ADPKD is the fourth most common cause of end-stage renal disease eventually leading to the dialysis and kidney transplantation [2] . Most of the families showed mutation in PKD1 and PKD2. The major contributor of ADPKD is PKD1 gene encoded 4,303 amino acid (aa) long, 460kDa glycosylated integral membrane protein polycystin 1 (PC1). The second major contributor is PKD2 gene encoded 968aa long, 110kDa channel protein polycystin 2 (PC2) [3] [4] [5] .
Recently two new genes GANAB and DNAJB11 were identified in a few ADPKD cases [6, 7] . Till date, ADPKD mutation database (http://pkdb.mayo.edu) has listed 2,331 in PKD1 and 305 in PKD2 DNA sequence variants [8] . PC1 and PC2 are involved in several cellular events like cell proliferation, differentiation, apoptosis, cell polarity, adhesion, maturation, tubulogenesis and extracellular matrix maintenance, which are all essential steps of kidney morphogenesis [9, 10] . Experiments on pkd1-/null mice indicated that PC1 played an important role in renal tubule maturation [11] . Overlapping of sub-cellular localization of PC1 and PC2 suggests their mutual function in different signaling pathways [12] . It has been reported that PC1-PC1 homomer interacted via PKD (Ig like) domains, PC2-PC2 interacted via N-terminal region and PC1-PC2 heteromeric interaction occurred via C-terminal coiled-coil domains [13] . Previous reports pointed out that PKD1 and PKD2 harbored high number of protein truncating mutations [14] [15] [16] [17] [18] [19] [20] [21] . That is why both genetic testing as well as in vitro studies are very important to confirm and verify the cause of ADPKD. Here, we reported and confirmed novel truncating variants identified in three different Indian ADPKD cases. These variants were expected to encode the smallest truncated protein. One was discovered from this study in PKD1 (c.445_445delC) gene and two were reported in PKD2 (c.854_854delG and c.1050_1050delC) gene from previous study [22] . These variants were expected to encode the smallest truncated protein which might be one of the causes of disease condition.
Materials and Methods

Patient recruitment and mutation detection
This study was approved by Institutional Ethical Committee of the Institute of Science, Banaras Hindu University, Varanasi (Institution Ethical Review board approval number: F.Sc./Ethics Committee/2015-16/6). Three clinically suspected individuals with bilateral polycystic kidney disease and 100 control individuals participated in this study with informed consent. Genomic DNA was extracted from peripheral blood samples by salting out method. The quantity and quality of extracted DNA were assayed by spectrophotometer (Nanodrop 2000) as well as 0.8% agarose gel electrophoresis. PKD1 and PKD2 gene specific primers [5, 17, 18] were used for screening of three patients. PKD2 gene screening of two cases was previously performed and reported [21] . Long range-polymerase chain reaction (LR-PCR) followed by second generation nested PCR (nPCR) was performed for PKD1 gene screening. LR-PCR product was run on 1% agarose gel and DNA was extracted according to prescribed manufacture protocol using RBC DNA elution kit (Real Genomics). Eluted DNA products were diluted in 1:1,000 deionized water and then used as a template to perform nPCR following previous protocol [5, 17, 18] . PCR products were cleaned by using Exonuclease I and rShrimp alkaline phosphatase enzyme (USB Affimetrix, Santa Clara, CA, USA). Sequencing of PCR product with forward and/or reverse primer was achieved following ABI Big Dye Terminator V3.1 cycle sequencing kit (Applied Biosystem, Foster City, CA, USA). Sequencing results were compared with reference genomic sequence NC_000016.10, mRNA sequence NM_001009944.2 and protein sequence NP_001009944.2 for PKD1 and NC_000004.12, mRNA sequence NM_000297.4 and protein sequence NP_000288.1 for PKD2 available on NCBI using basic local alignment search tool (BLAST). Discovered pathogenic variants were also screened in 100 controls.
In silico analysis
In silico analysis was performed using online software like mutation taster, Align-Grantham Variation Grantham Deviation (Align-GVGD), Polymorphism Phenotyping v2 (PolyPhen2), Protein Variation Effect Analyzer (PROVEAN), and Sorting Intolerant From Tolerant (SIFT), and was also compared with ADPKD mutation database ( Table 1) . Amino acid conservation of novel PC1 and PC2 variants was analyzed using protein BLAST (BLAST-p). Hydrophobicity of wild and mutant proteins was compared by ProtScale (Hopp & Woods). Secondary structure forming capability of wild and mutant proteins was analyzed using ProtScale (Chou & Fasman).
Plasmid preparation
Two plasmids with PKD1 and PKD2 genes were procured from Addgene (https://www.addgene.org) for in vitro studies. Due to difficulty in site-directed mutagenesis (SDM) and transfection of big-size wild-type green fluorescence protein (GFP-WT) (AF-41) plasmid, sub-cloning of 2kb region of PKD1 in pcDNA3.1 plasmid was performed. GFP-WT (AF-41) was used as a template to amplify wild-type 2kb PKD1 gene fragment which covered exon1-5, tagged with GFP at N-terminal. Sub-cloning of amplified 2kb fragment into pcDNA3.1 mammalian expression vector was completed using forward primer with BamHI and reverse primer with XhoI cut site ( Table 2 ). This plasmid worked as a template in SDM experiment. SDM primers were designed using NEB mutagenesis primer designing web server ( Table 2 ). SDM primer introduced the deletion of G nucleotide during the SDM-PCR using Q5 site directed mutagenesis kit (NEB, Ipswich, MA, USA). The SDM-PCR was performed in ABI thermal cycler (ABI, Foster City, CA, USA), programmed with initial denaturation at 98 °C for 2 min, followed by 35 cycles of denaturation at 98 °C for 30 s and annealing-extension at 72 °C for 2 min and one final extension of 72 °C for 5 min. NEB10 beta (NEB10B) cells were transformed with wild and mutant plasmids. Positive colonies were picked, grown in LB + ampicillin culture and then plasmids were extracted using Qiagen plasmid extraction kit. SDM created mutant plasmid DNA (pcDNA 3.1+2kb ex4delC PKD1) was confirmed by digestion, by colony PCR amplification of the insert and Sanger sequencing. Similarly, two variants from PKD2 (c.854_854delG and c.1050_1050delC) were selected for SDM. M-PKD2 (OF2-3) plasmid having wild-type PKD2 was used as a template to introduce the deletion using SDM primers and Q5 site directed mutagenesis kit ( Table 2) . NEB10B competent cells were transformed with the wild M-PKD2 (OF2-3) plasmid as well as SDM made mutant plasmids (pcDNA 3.1+2kb ex4delC PKD1, M-PKD2-c.854delG and M-PKD2-c.1050delC). Positive clones were confirmed by PCR amplification of the PKD2 insert and by Sanger sequencing.
Transfection of COS7 cells, protein isolation and Western blotting
Transfection was carried in 6-wells plate seeded with 3 × 10 5 COS7 cells/well. At around 90% of confluency, Dulbecco's minimum essential medium (DMEM) was replaced with the Opti-MEM (Invirogen, Thermo Fisher Scientific, Waltham, MA, USA) and then cells were transfected with the wild and mutant plasmids using Lipofectamine 2000 (Invirogen, Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer protocol. For PKD1 gene variant study, COS7 cells were transfected with the wild (pcDNA 3.1+2kb wild PKD1) and mutant (pcDNA 3.1+2kb ex4delG PKD1) plasmids of PKD1 gene. Similarly, for PKD2 gene variant study, Louis, MO, USA) primary antibody was used to detect internal loading control beta actin protein. After incubation, membrane was washed in Tris-buffered saline (TBS) three times for 10 min and incubated at room temperature for 2 h with secondary antibody. Two secondary antibodies (1:1,000 dilution), goat anti-mouse IgG-ALP (Bangalore Genei, Bangalore, India) and goat anti-mouse IgG-HRP (Bangalore Genei, Bangalore, India) were used separately to process the membrane. Membrane was washed two times with TBS for 10 min and developed by either nitro-blue-tetrazolium-5-bromo-4-chloro-3-indolylphosphate (NBT-BCIP) or electrochemiluminescence (ECL) technique. Protein isolated from PC1 wild and mutant plasmid transfected cells displayed bands of 72KDa and 54KDa. Protein isolated from PC2 wild and mutant plasmid transfected cells displayed bands of 110KDa, 46 KDa and 42KDa.
Results
PKD1 variant
A 42-year-old female patient (sample ID: PKD16.1) with neg-ative family history of ADPKD had bilateral cysts for the past 9 years. She has grown an enlarged kidney of size 13 cm × 5.28 cm of the right kidney and 15.8 cm × 8.3 cm of the left kidney. Serum analysis revealed the increased level of urea (22 mg/dL) and creatinine (1.2 mg/dL). She has other complications like flank pain, loss of appetite, weakness, painful urination and urinary tract infection. Mutation screening of PKD1 and PKD2 genes revealed nine DNA sequence variants in the patient genome ( Table 1 ). She has heterozygous c.445_445delC in PKD1 (Fig. 1) In silico analysis revealed that c.445_445delC encoded 288aa truncated protein (p.Q149Sfs*141). Rest of the variants were not damaging in nature. Multiple sequence alignment of wild-PC1 and mutant (p.Q149Sfs*141) proteins revealed 149aa sequence similarity and after that 139aa altered sequece ultimately ending with the premature stop codon. This mutant protein was able to form the wild-type structure upto first transmembrane domain and rest of the downstream domains were either compromisezed or lost (Fig. 2) . ProtScale web server suggested drop in the hydrophobic microenvironment around the mutant PC1: p.Q149Sfs*141 compared to wild-PC1 (Fig. 3a, b) . Secondary structure forming capacity analyzed by ProtScale revealed decreased coil forming capacity of mutant PC1: p.Q149Sfs*141 compared to the wild-PC1 (Fig. 3c, d) . It was expected that pcDNA 3.1+2kb wild PKD1 plasmid will encode the 72kDa protein and the SDM created mutant pcDNA 3.1+2kb ex4delG PKD1 plasmid will encode the 54kDa truncated protein in transfected cells. GFP and PC1 specific primary antibody detected the specific 72kDa and 54kDa protein band and verified that c.445_445delC is protein truncating in nature ( Fig. 4a-f ).
PKD2 variant
A 68-year-old female patient (sample ID: PKD39.1) with In silico analysis revealed that c.1050_1050delC encoded 373aa truncated protein p.S351Vfs*24 and rest two variants c.1119C>T and c.10529C>T were likely neutral in nature. Multiple sequence alignment analysis of both truncated proteins (p.G285Afs*32 and p.S351Vfs*24) revealed 285aa sequence similarity with wild-PC2. The 250aa sequence was supposed to encode upto the first transmembrane domain and the remaining downstream domains were suspected to be missing in both mutant variants (Fig. 5 ). ProtScale web server suggested drop in the hydrophobic microenvironment around the PC2: p.G285Afs*32, PC2: p.G285Afs*32 compared to wild-PC2. Secondary structure forming capacity analyzed by ProtScale revealed decreased coil forming capacity of PC2: p.G285Afs*32, PC2: p.G285Afs*32 compared to the wild- 
Characterization of Novel Truncated Mutation
World J Nephrol Urol. 2020;9(1):15-24 PC2 (Fig. 6 ). To study the frameshift-induced protein truncation, COS7 cells were transfected with wild and mutant variant containing plasmids. It was expected that the wild PC2 will encode 110kDa PC2, c.854_854delG will encode 46kDa truncated PC2 and c.1050_1050delC will encode 42KDa truncated PC2. Primary antibody against Myc detected the 42kDa, 46kDa and 110kDa molecular weight protein band and verified both variants c.854_854delG and c.1050_1050delC as protein truncating mutations ( Fig. 7a-g ).
Discussion
Previous reports published form American [15] [16] [17] [19] [20] [21] , Asian [18] , Indian [22] and Iranian [23] populations suggested that protein truncation is one of the prime causes of ADPKD. A total of 14 DNA sequences were identified and three deletion variants were verified to be mutation. Absence of deletion variants PKD1: c.445_445delC, PKD2: c.854_854delG and PKD2: c.1050_1050delC in controls and other populations suggested that these are rare and novel. Change in hydrophobicity and coil forming ability of truncated protein might affect the structure of the protein.
In silico analysis determined all novel variants (PKD1: c.445_445delC, PKD2: c.854_854delG and PKD2: c.1050_1050delC) as damaging and rest of the 11 variants as not damaging. In silico studies revealed that PKD1 (c.445_445delC) and PKD2 (c.854_854delG and c.1050_1050delC) encoded truncated protein (p.Q149Sfs*141 of PKD1, p.G285Afs*32 and p.S351Vfs*24 of PKD2) respectively. 3D and 2D cell cultures are suitable models to study the functional impact of mutations responsible for formation and growth of cyst [24] . Immunoblotting confirmed expression of truncated mutations in vitro using 2D cell culture. The loss of one functional allele might disrupt the critical window of normal protein availability in the cell to perform the normal cellular functions like channel property and the protein-protein interaction and hence prove their pathogenicity for disease. Occurrence of pathogenic truncating variation in the patients is the cause of disease. Although there is no cure for ADPKD, specific treatment can not only ease the symptom, but can even prolong the life span. Better understanding of this disease may help to develop novel strategy for early diagnosis and treatment. 
